We have investigated the oncological outcome of 63 patients with soft-tissue sarcomas of the hand managed at three major centres in the United Kingdom. There were 44 males and 19 females with a mean age of 45 years (11 to 92). The three most common diagnoses were synovial sarcoma, clear cell sarcoma and epithelioid sarcoma. Local excision was carried out in 45 patients (71%) and amputation in 18 (29%). All those treated by amputation had a wide margin of excision but this was only achieved in 58% of those treated by local excision. The risk of local recurrence was 6% in those treated by amputation compared with 42% for those who underwent attempted limb salvage. An inadequate margin of excision resulted in a 12 times greater risk of local recurrence when compared with those in whom a wide margin of excision had been achieved. We were unable to demonstrate any role for radiotherapy in decreasing the risk of local recurrence when there was an inadequate margin of excision. Patients with an inadequate margin of excision had a much higher risk of both local recurrence and metastasis than those with wide margins. The overall survival rate at five years was 87% and was related to the grade and size of the tumour and to the surgical margin.
We have investigated the oncological outcome of 63 patients with soft-tissue sarcomas of the hand managed at three major centres in the United Kingdom. There were 44 males and 19 females with a mean age of 45 years (11 to 92). The three most common diagnoses were synovial sarcoma, clear cell sarcoma and epithelioid sarcoma. Local excision was carried out in 45 patients (71%) and amputation in 18 (29%). All those treated by amputation had a wide margin of excision but this was only achieved in 58% of those treated by local excision. The risk of local recurrence was 6% in those treated by amputation compared with 42% for those who underwent attempted limb salvage. An inadequate margin of excision resulted in a 12 times greater risk of local recurrence when compared with those in whom a wide margin of excision had been achieved. We were unable to demonstrate any role for radiotherapy in decreasing the risk of local recurrence when there was an inadequate margin of excision. Patients with an inadequate margin of excision had a much higher risk of both local recurrence and metastasis than those with wide margins. The overall survival rate at five years was 87% and was related to the grade and size of the tumour and to the surgical margin.
We have shown that a clear margin of excision is essential to achieve local control of a soft-tissue sarcoma in the hand and that failure to achieve this results in a high risk of both local recurrence and metastastic disease.
The management of soft-tissue sarcomas of the hand is a matter of controversy and presents challenges to both the surgeon and oncologist. 1, 2 Most soft-tissue sarcomas of the limbs are currently treated by wide excision and adjunctive radiotherapy. [3] [4] [5] [6] However, this approach is difficult to apply to the hand because of its anatomy and the lack of readily expendable soft tissue (Fig. 1) . The sacrifice of important nerves, blood vessels and tendons to gain an adequate margin may result in significant functional loss. 7, 8 Alternatively, aiming to preserve function by just removing the tumour itself may compromise the outcome. 9 Furthermore, it has been reported that radiotherapy to the hand is poorly tolerated and associated with an increased risk of long term toxicity and poor outcome. 2, 10 Few studies [11] [12] [13] [14] have been carried out which look specifically at the surgical treatment of softtissue sarcomas of the hand and its outcome. We wished to assess whether limb-sparing surgery with close margins would result in a high rate of local recurrence and whether this would compromise survival.
We report a large series of patients with softtissue sarcomas of the hand treated at three centres in the United Kingdom (The Royal Orthopaedic Hospital, Birmingham, The Royal Marsden Hospital, London, and St Thomas's Hospital, London). The treatment philosophy was the same at each centre. The tumour was excised with a clear margin whenever possible. Radiotherapy was used if a clear margin could not be achieved without a major loss of function. Primary amputation was carried out only when tumours were large and complete clearance could not be obtained with more conservative surgery. Chemotherapy was only used if the tumour was chemosensitive. We assessed the oncological outcome of these patients and analysed the prognostic factors for local control and patient survival. We did not assess their functional outcome.
Patients and Methods
Between 1990 and 2003, the three centres treated 87 patients with soft-tissue sarcomas of the hand distal to the wrist. These were identified from the centres' sarcoma database and represented approximately 2% of the limb and trunk soft-tissue sarcomas seen at these centres. We excluded ten patients who were only seen for consultation, four patients with a recurrence after treatment elsewhere and ten with metastases at diagnosis. We included patients who had undergone an inadvertent biopsy or excision biopsy. This left 63 patients in the study group.
The following data were collected retrospectively from the case records or the tumour databases: age at surgery, gender, maximum tumour dimension (cm), histological type and grade (using the Trojani system 15 ), surgical margin, use and method of adjuvant radio-or chemotherapy, time to local recurrence after surgery, time to systemic recurrence and overall survival. Tumour size was taken as the greatest dimension of the tumour as estimated from pathology reports following resection, or in some cases from MRI evaluation. The margins of excision were classified either as 'clear', with no tumour at the edge, or 'involved' where tumour extended to the edge. A radical amputation was defined as one occurring above the wrist joint while a partial amputation included digital and ray amputations. All patients underwent staging with a CT scan of the chest at the time of initial diagnosis and were subsequently followed up with regular chest radiographs to detect metastatic disease. Statistical analysis. Differences between groups were assessed using the chi-squared test or Student's t-test. Overall survival and the rate of local recurrence was calculated using the Kaplan-Meier method and the impact of prognostic factors was assessed using the log rank test. 16 Multivariate analysis was performed using Cox's proportional hazard method, 17 variables were chosen using a forward conditional stepwise approach. Relative risks were calculated using a proportional hazards model with only the noted covariate in the model.
Significance was set at p < 0.05 for two-sided tests. Survival time was calculated from the time of diagnosis. Endpoints were taken as the time of death or the last documented time the patient was known to be alive. Patients who died of unrelated causes were considered to have been censored.
Results
Patient demographics and tumour characteristics. There were 44 males and 19 females in the series with a mean age of 45 years (11 to 92). The mean follow-up was 50 months (3 to 180).
Clear cell sarcoma (11 of 63, 17.4%) and epithelioid sarcoma (11 of 63, 17.4%) were the most common diagnoses, followed by synovial sarcoma (10 of 63, 16%), with other diagnoses being less common (Table I ). The mean tumour size was 4 cm (0.2 to 9), with 43 (68%) of high-grade, five intermediate grade (8%) and 15 low grade (24%). The tumour was located in a digit in 16 patients (25%), the palm in 27 (43%), the carpal area (including the carpal tunnel) in 14 (22%) and the dorsum in six (10%). We were only able to assess the depth of the tumours in one centre where the data was routinely recorded in the database. In this group, 15 of the 33 (45%) tumours were classified as being deep and 18 (55%) as subcutaneous.
Of the 63 patients, 24 (38%) had their initial surgery elsewhere. An incisional biopsy had been carried out in 14 patients and an unplanned attempt at excision in ten. These patients were restaged after referral and then underwent their definitive surgical treatment.
All 63 patients underwent surgery. Six patients (10%) had a radical below-elbow amputation, 12 (19%) underwent partial amputation (nine ray and three digit) and 45 (71%) underwent attempted wide local excision. The margins of excision were clear in 44 patients (70%), involved in seven (11%) and were unreported in 12 (19%), all of whom had undergone local excision. All 18 patients who had undergone amputation had clear margins, but 19 of the 45 (42%) with a local excision had involved margins. There was no association between the status of the surgical margin and the grade of the tumour.
Post-operative radiotherapy was used for 23 patients (36.5%) and was given to 8 of the 14 patients (57%) with high or intermediate grade tumours and involved margins, MR scan of the dominant hand of a 50-year-old man who presented with features typical for carpal tunnel syndrome. The MRI was carried out because of slight swelling in the palm and showed a 4 cm × 2 cm mass thought to be a lipoma. It was 'shelled out' at the time of carpal tunnel release and was found to be a biphasic synovial sarcoma. In order to obtain clear margins the patient elected to have a below elbow amputation. There was extensive residual tumour found in the amputation specimen. (25) and in 12 of the 34 (35%) patients with high or intermediate grade tumours and clear margins. Radiotherapy was also used in three patients with low grade tumours, two of the five with involved margins and one of the eight with clear margins. Two patients had adjuvant chemotherapy for synovial sarcoma, while one patient with a high-grade alveolar rhabdomyosarcoma had pre-operative chemotherapy. Local recurrence. There were 20 patients (32%) who developed a local recurrence at a mean of 21 months (1 to 87). The five-and ten-year risk of local recurrence for the cohort of 63 patients was 37% and 52%, respectively. Table II shows the univariate analysis of prognostic factors for local recurrence for all patients. The type of surgery performed (amputation or local excision) had a highly significant impact on local control. Only one of the 18 patients who underwent amputation developed a local recurrence (6%) compared with 42% (19 of 45 patients) of those undergoing attempted limb salvage (p = 0.005). An involved margin was the most highly significant risk factor for local recurrence (p < 0.0001) (Fig. 2) .
Previous biopsy or inadvertent excision did not significantly increase the risk of local recurrence (p = 0.28).
The effect of radiotherapy in improving local control was difficult to assess but local recurrence occurred in nine of the ten patients (90%) who had involved margins and who received radiotherapy and in four of the nine (44%) with involved margins but who did not receive radiotherapy. Of the 13 patients with clear margins who received radiotherapy, three (23%) developed a local recurrence compared with 4 of 31 (13%) of those with clear margins who did not receive radiotherapy.
In the 45 patients undergoing limb salvage, we identified three tumour types which had a greater than 50% risk of local recurrence (epithelioid sarcoma 60%, synovial sarcoma 57% and clear cell sarcoma 55%). This is compared with a 27% risk for all other types of tumour. The significance of marginal status was even more apparent in this group. The risk of local recurrence was 74% in those with an involved margin compared with 26% in those with a clear margin. The addition of radiotherapy made no appreciable difference as two of the six patients (33%) with an involved margin who received radiotherapy developed a local recurrence. The only factor that remained significant on multivariate analysis was an involved margin. Patients with an involved margin had a 12 times greater risk of local recurrence than those with a clear margin (95% confidence interval (CI) 4.1 to 35.1; p < 0.0001). Distant failure. Metastases developed in 14 patients (22%) after a mean of 41 months (4 to 147). They occurred in 13 after local excision and one after amputation (p = 0.042). The risk of distant failure in this series was 26% at five years and 47% at ten years. The most significant risk factors on univariate and multivariate analysis were grade of tumour (p = 0.02) and marginal status (p = 0.002). Highgrade tumours were four times more likely to metastasise than low or intermediate grade tumours. Patients with an involved margin had a 42% risk of developing metastases compared with those with clear margins who had a 13% risk. Patients with epithelioid sarcoma and clear cell sarcoma were at risk of developing lymph node metastases higher up the arm whilst all other metastases were in the lungs. Six of the 11 patients with clear cell sarcoma had developed metastases by the time of this study.
Of the 43 patients with high-grade tumours, 14 (32.5%) were treated by amputation, of whom one developed a local recurrence and one metastases; 12 (86%) remained disease free. Of the 29 treated by local excision, 14 (48%) developed local recurrence. Nine of these subsequently developed metastases and a further three developed metastases without local recurrence. Only 12 of these 29 patients (41%) remained disease free (p = 0.006). Overall survival. At follow-up eight patients (12.7%) had died of disease, two (3%) had died of other causes, six (9.5%) are alive with metastases and 47 (74.8%) are alive with no evidence of disease. The overall survival for the entire cohort of 63 patients was 87% at five years and 71% at ten years. Overall survival was related to grade (p = 0.03) (Fig. 3) , size (p = 0.001) of tumour and marginal status (p = 0.02). All the tumour-related deaths were in patients with high-grade tumours and none of the patients with low or intermediate grade tumours have died to date. Four of the deaths arose in patients with clear cell sarcoma, which carried the poorest survival rate (Fig. 4) and a five-year survival of 62% compared with 92% in those with other histological subtypes (p = 0.006). Only one (5.5%) of the 18 patients who had an amputation subsequently died, com- pared with seven (15.5%) of the 45 who had a local excision (p = 0.55). Neither adjuvant radiotherapy (p = 0.42) nor treatment prior to referral affected survival (p = 0.59). Although there was a trend for patients who developed local recurrence to have a poorer survival (82% at five years for those who developed local recurrence vs 90% for those without) this did not reach significance. The best prognostic indicator was a combination of size and grade of tumour with a Kaplan-Meier survivorship of 0% at eight years in the group with high-grade tumours larger than 4 cm at diagnosis, compared with 96% survival for all other tumours. Table III shows the factors associated with overall survival.
Discussion
Soft-tissue sarcomas of the hand comprise a very small proportion of tumours in the extremities. 18 Their incidence, assuming that they comprise 2% of all soft-tissue sarcomas, would suggest perhaps one per 1 250 000 population per year. They are usually small, painless lesions at presentation, often with no particular characteristic features. They tend to be aggressive and carry a worse prognosis than similarly sized tumours in other anatomical regions. 19, 20 The histological spectrum of soft-tissue sarcomas in the hand is limited and uncommon subtypes tend to predominate. 20 In our series, the most frequent subtypes were synovial sarcoma, clear cell sarcoma and epithelioid sarcoma. Owens et al, 13 have reported synovial sarcoma to be the most common lesion in the hand. This is supported by the Memorial Sloan-Kettering Cancer Centre series. 12 A significant proportion of these tumours undergo unplanned surgery before referral to a specialist oncological centre. In this study, 38% of the patients had either an unplanned excision or a biopsy. This figure is lower than that seen in previous studies. Bray et al, 2 found 68% of patients with distal upper extremity soft-tisue sarcomas had received previous treatment while Lin et al, 7 found 95% of patients with soft-tissue sarcomas in the hand and foot were referred after previous surgery. An unplanned excision can lead to difficulty in obtaining wide margins at re-excision which increases the risk of local recurrence. 8, 9, 21 However, we found no significant correlation between previous surgical excision and risk of local recurrence or overall survival. The biggest problem with soft-tissue sarcomas of the hand is their tendency to spread rapidly between compartments which makes excision with a wide margin difficult. As a result, the surgeon and the patient are often faced with the dilemma of preserving function at the expense of clear margins or of obtaining clear margins by carrying out an amputation.
We have shown that compromising surgical margins results in a 12 times greater risk of local recurrence, a three times greater risk of developing metastases and a five times greater risk of death than for those with clear margins.
Positive margins have been shown to increase the risk of local recurrence in extremity soft-tissue sarcomas in several studies. [21] [22] [23] Lin et al, 7 and Brien et al, 12 demonstrated this specifically for soft-tissue sarcomas of the hand. In our study 19 of the 20 (95%) recurrences were seen in patients who had a limited excision rather than an amputation. Local recurrence did not correlate significantly with size or grade of tumour.
We were unable to identify any convincing benefit of post-operative radiotherapy, but this is undoubtedly because of the small number of patients and selection bias. Radiotherapy was only given to patients who were thought to carry the highest risk of local recurrence. These results are similar to those of Brien et al 12 who reviewed 23 patients and showed that the risk of local recurrence in the presence of positive margins could not be negated by radiotherapy. Lin et al, 7 showed that radiation improved local control in patients who did not undergo re-excision but not in patients who underwent a re-excision with negative margins. Jyothirmayi et al, 10 showed that patients treated with radiotherapy after surgery for local recurrence had a higher rate of local failure compared with those treated at initial presentation.
We have shown that local control is clearly related to the histological diagnosis, particularly when attempts are made at limb salvage. This is reflected by the high risk of local recurrence in the three tumour types, clear cell sarcoma, epithelioid sarcoma and synovial sarcoma. Chung and Enzinger 24 suggest that clear cell sarcoma carries a poor prognosis with most tumours recurring within four years of treatment and nearly 50% of patients dying of metastases. Prat, Woodruff and Marcove, 25 reported a local recurrence rate of 63% and a 58% rate of metastases in patients with epithelioid sarcoma.
In our series, patient survival was 87% at five years and 71% at ten years, which seems comparable to previous studies. Lin et al 7 reported a disease-specific survival of 76% and 65% at five and ten years for 84 patients with localised hand and foot soft-tissue sarcomas. The survival of patients in our study was directly related to tumour size and grade, it is essential to obtain a clear surgical margin. Similar results have been shown in previous studies. 7, 14 We have not addressed the functional differences between treatments in this study, but it is certainly a subject worthy of attention, particularly the question of whether the increased risks of limb salvage in patients with involved margins is ever justified.
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